AbstrAct
background Extended focused assessment with sonography for trauma (eFAST) has been shown to have moderate sensitivity for detection of pneumothorax in trauma. Little is known about the location or size of missed pneumothoraces or clinical predictors of pneumothoraces in patients with false-negative eFAST. Methods This retrospective cross-sectional study includes all patients with multiple blunt trauma diagnosed with pneumothorax who underwent both eFAST and CT performed in the ED of a level 1 trauma centre in Switzerland between 1 June 2012 and 30 September 2014. Sensitivity of eFAST for pneumothorax was determined using CT as the gold standard. Demographic and clinical characteristics of those who had a pneumothorax detected by eFAST and those who did not were compared using the Mann-Whitney U or Pearson's χ 2 tests. Univariate binary logistic regression models were used to identify predictors for pneumothoraces in patients with negative eFAST examination. results The study included 109 patients. Overall sensitivity for pneumothorax on eFAST was 0.59 and 0.81 for pneumothoraces requiring treatment. Compared with those detected by eFAST, missed pneumothoraces were less likely to be ventral (30 (47.6%) vs 4 (9.3%), p <0.001) and more likely to be apical and basal (7 (11.1%) vs 15 (34.9%), p=0.003; 11 (17.5%) vs 18 (41.9%), p=0.008, respectively). The missed pneumothoraces were smaller than the detected pneumothoraces (left side: 30.7±17.4 vs 12.1±13.9 mm; right side: 30.2±10.1 vs 6.9±10.2 mm, both p <0.001). No clinical variables were identified which predicted pneumothoraces in falsely negative eFAST. Among those pneumothoraces missed by eFAST, 30% required tube thoracostomy compared with 88.9% of those detected with eFAST. conclusion In our study, pneumothoraces missed by eFAST were smaller and in atypical locations compared with those detected by eFAST and needed thoracic drainage less often.
IntroductIon
Chest trauma is responsible for approximately 20% of deaths from injury in patients with trauma. Of these 70%-80% are caused by road traffic accidents. Pneumothorax is a common finding, with a prevalence of up to 50% in severe chest trauma and greater than 20% in all patients with trauma. 1 The triad of cardiac tamponade, tension pneumothorax and massive haemothorax in chest trauma is lethal if not rapidly recognised and treated immediately.
Pneumothoraces missed in chest radiography but detected in CT are called 'occult pneumothoraces'. The frequency of occult pneumothoraces may be up to 76% in supine CXR when read and interpreted real time by a trauma team or 2%-15% when later read by a board-certified radiologist. 2 Although common sense might suggest that missed pneumothoraces are either very small or in atypical locations, there is no evidence to confirm this. In a comparison of CT versus CXR, the size and location of missed occult pneumothoraces in radiographic evaluation were statistically similar. 2 3 Clinical predictors for occult pneumothoraces in CXR have been assessed but only subcutaneous emphysema and chest wall contusion have been found to be associated. 2 4 5 The classic adjunct to the Advanced Traumatic Life Support (ATLS) primary survey, the focused assessment with sonography for trauma (FAST) was extended in 2004 to include a sonographic evaluation of the chest (eFAST). 6 The first reviews of pneumothorax detection with sonography reported high sensitivity (0.88 and 0.91, respectively), comparable to the gold standard of CT. 7 8 In contrast to this, two recent meta-analyses found a higher rate of missed pneumothoraces (sensitivity 0.79 and 0.87, respectively). 9 10 Sensitivity may vary greatly depending on the circumstances under which sonography was performed. A large prospective American study at a level 1 trauma centre in 2010 confirmed that single-point eFAST sonography performed by a trauma physician was both original article fast (0.95 min) and sensitive (0.95). 11 In contrast, a similar study in 2015 concluded that the sensitivity of eFAST in patients with blunt chest trauma was only 0.42. 12 There have been few studies of the location or size of missed pneumothoraces in the eFAST examination of patients with multiple blunt trauma. This study seeks to describe the characteristics of patients with missed pneumothorax in eFAST and identify clinical or patient characteristics that might predict pneumothoraces in patients with missed pneumothoraces in eFAST in general and specifically in the subgroup of pneumothoraces that needed treatment with thoracic drainage.
MAterIAls, Methods And pAtIents
This retrospective cross-sectional study includes all patients directly admitted to the ED of the University Bern Hospital Inselspital, Bern, Switzerland, between 1 June 2012 and 30 September 2014 who were diagnosed with pneumothorax after blunt trauma and underwent both an eFAST and a chest CT. The ED is a level 1 trauma centre, treats about 40 000 patients per year and has a catchment area of 2 million people. The ED is a self-contained, interdisciplinary unit treating approximately 500 multi-injured patients (Injury Severity Index >16) per year.
During the study period, electronic data were recorded in the computerised database (ED 2.1.3.0; E-Care, Turnhout, Belgium). Medical records were electronically screened for the search term 'pneumothorax'. Patients with a documented diagnosis of pneumothorax were further evaluated. Patients without both eFAST and CT completed were excluded. In order to minimise selection bias, we furthermore excluded patients secondarily transferred to our level 1 hospital with the diagnosis of pneumothorax, patients with non-traumatic pneumothorax as well as penetrating trauma (figure 1). Demographic data (age, gender, nationality) were collected as well as clinical data on admission to the ED (mechanism of blunt trauma, haemodynamic instability at admission (defined as positive shock index (HR > systolic BP)), GCS, weight, oxygen saturation at admission, subcutaneous emphysema, administration of oxygen at admission, invasive ventilation), imaging modalities and results (side, location and extension of pneumothorax) and treatment characteristics (thoracic drainage, surgical treatment after initial management in the trauma room (referral to theatre)).
CT is the gold standard for detection of pneumothorax and was used for comparison. All CT scans were read by board-certified radiologists. The size of the pneumothorax was assessed by its depth (distance of pleural line from chest wall) on the CT. All sonographic examinations were done on a HI VISION Avius (Hitachi Aloka Medical Systems) with a curved array probe (EUP-C715, 5 MHz; Hitachi Aloka Medical Systems). The curved array probe is used for the whole abdominal and thoracic eFAST evaluation in order to shorten examination times.
The eFAST investigation was performed during the primary survey in the trauma room by consultants in emergency medicine with training in sonography. With respect to investigation time, scanning location and sequence of investigation, we adhered to the recommendations for eFAST in the trauma room by Kirkpatrick et al. 6 Bilateral (two-point) longitudinal parasternal views were obtained to rule out pneumothorax. Evidence for pneumothorax includes the absence of gliding of the visceral pleura against the parietal pleura, the 'stratosphere or barcode sign' visible in the M-mode, the absence of a lung pulse and the absence of comet tail artefacts (a type of reverberation artefact first described by Ziskin et al). [13] [14] [15] The eFAST investigation during the primary survey was intended to take less than 2 min.
The study protocol was approved and registered by the Ethics Committee of Canton Bern, Switzerland (number 155/2015). No informed consent was necessary according to the Ethics Committee because of the retrospective study design and the handling of anonymised data.
Descriptive statistics were used when applicable. For group comparisons, independent samples t-tests or Mann-Whitney U tests (normally distributed data) or Pearson's χ 2 tests or Fisher's exact test (categorical variables) were used as appropriate. To identify associations between clinical predictors and pneumothoraces missed in eFAST, we used univariate binary logistic regression models. The convenience sample for this study was obtained from the computerised database of the patients admitted to our ED. The studies power to detect a difference in size of pneumothorax of 20 mm with an alpha of 0.05 is 99.9% given the sample size, means and SD observed in this study.
The SPSS Statistics programme (IBM) was used for all statistical calculations and a two-tailed p value of <0.05 was considered statistically significant.
results
In total, 320 patients with documented pneumothorax could be identified from 1 June 2012 to 30 September 2014 (figure 1). After exclusion of 211 patients due to penetrating trauma (n=10), secondary transfer (n=79) or incomplete imaging (n=142), 109 patients with pneumothorax after blunt trauma and eFAST as well as CT imaging were included in our study. In three patients, the eFAST examination was attempted but not interpretable for organisational or technical reasons. These patients were therefore excluded from further analysis.
The final 106 patients had a mean age of 48.6±19.3 years and were predominantly male (n=82, 77.4%). Falls were the most common type of trauma (n=50, 47.2%) followed by motorbike and car accidents (n=39, 36.8%); table 1).
Sixty-three pneumothoraces were detected by eFAST out of 106 pneumothoraces with an overall sensitivity for the detection of pneumothoraces in eFAST of 0.59. In the subgroup of pneumothoraces that needed treatment with thoracic drainage, the sensitivity of eFAST was 0.81. The group comparison of patients with detected or missed pneumothoraces in eFAST is shown in table 1. 
original article
There were no differences in gender, age, weight or type of trauma between patients with missed or detected pneumothorax by eFAST.
The side of the pneumothorax was not significantly different in the two groups (left: 26 (41.3%) vs 18 (41.9%); right: 30 (47.6%) vs 21 (48.8%), p=0.684 and p=0.873). Compared with detected pneumothoraces, missed pneumothorax were significantly less likely to be ventral in location (33 (52.4%) vs 4 (9.3%), p<0.001) but significantly more likely to be apical and basal (7 (11.1%) vs 17 (39.5%), p=0.001; 12 (19.0%) vs 19 (44.2%), p=0.005, respectively). About half of the detected pneumothoraces were found in the ventral location (52.4%), but more than two-thirds of missed pneumothoraces were found to be apical or basal (83.7%).
The pneumothoraces missed in the eFAST examination were smaller on both sides (left side: 30.7±17.4 vs 12.1±13.9 mm; right side: 30.2±10.1 vs 6.9±10.2 mm, both p<0.001).
Pneumothoraces detected in the eFAST examination needed treatment in 88.9% of cases. In contrast to this, pneumothoraces missed in eFAST needed treatment in 30.2% of cases (p<0.001). The cases of patients who were unstable at admission (n=5) and with missed pneumothorax in eFAST were specifically reviewed. These pneumothoraces were apical (n=2, 40%), basal (n=2, 40%) and lateral (n=1, 20%). The mean size of these pneumothoraces was 6.4±7.7 mm (range 2-20 mm). In all of these cases, the CT as read by a board-certified radiologist showed no signs of a tension pneumothorax.
No other tested parameter, including subcutaneous emphysema and weight, was associated with pneumothoraces in patients with negative eFAST (table 2) .
original article dIscussIon
Our study showed that missed pneumothoraces were significantly smaller and in more atypical locations than pneumothoraces detected in eFAST. The patients with missed pneumothorax less frequently needed thoracic drainage. Instability did not appear to be associated with a missed pneumothorax. There were no differences in gender, nationality or age, and no type of trauma was specifically prone to failure to detect a pneumothorax on EFAST.
sensitivity of eFAst in our study population
The overall sensitivity for detection of pneumothoraces with eFAST in our study was just below the findings of previous studies. 9 10 In all sonographical examinations, the results largely depend on the experience of the operators and the environment in which the examination is done. Another factor that may cause the overall sensitivity in our study to be below the results previously quoted in the literature is that in order to compare eFAST with CT, patients without completed CT were excluded. Therefore, large pneumothoraces which need immediate thoracostomy after eFAST but before CT imaging are not represented in these results. It is, however, reassuring that in the subgroup of patients with pneumothorax which needed thoracic drainage and were therefore considered clinically relevant in the acute setting, the sensitivity was found to be 0.81, which was much higher than the overall sensitivity. This sensitivity is in the upper range of the reported values. 9 10 What are the characteristics of patients with missed pneumothorax in eFAst?
The pneumothoraces missed in this study were significantly smaller and needed significantly fewer treatments than the detected pneumothoraces. The detected pneumothoraces were mainly found in the expected typical location (ventral), in contrast to the missed pneumothoraces that were mainly in an atypical location (basal or apical). In view of the focused two-point eFAST examination technique used, it is not surprising that small pneumothoraces in the upper and lower parts of the thorax were missed. This is in contrast to studies which compared CXR with CT and found no particular distribution of missed pneumothoraces. 3 4 It might be valuable to discuss extending the eFAST examination to cover more locations on both sides of the thorax. On the other hand, no pneumothorax was missed that caused instability, so that the established procedure of a two-point examination seems a reasonable compromise between examination speed and accuracy.
Is it possible to identify clinical characteristics that might predict pneumothoraces in patients with negative eFAst in general or in the subgroup of pneumothoraces that needed treatment with thoracic drainage?
Previous studies of predictors of occult pneumothoraces in CXR remain rather unsatisfying. The only identified predictors for occult pneumothoraces in CXR are subcutaneous emphysema and chest wall contusion. 2 4 5 This difficulty seems to be the same with eFAST. Subcutaneous emphysema failed to predict missed pneumothorax in eFAST. We could not test 'chest wall contusion', the other predictor, because this was not reliably recorded on a regular basis in our medical records. Although increased patient weight might be suspected to make an eFAST examination more difficult, weight was not associated with the detection of pneumothorax. No patient factors or mechanisms of trauma were associated with prediction.
limitations
Because these data were extracted retrospectively from medical records not collected by the authors, as in all retrospective research, there is no guarantee of the completeness and correctness of the recorded patient data. As the eFAST examinations in our study were performed by a physician in a real-life trauma room setting, interobserver and intraobserver variability cannot be excluded. All physicians performing the ultrasound were specifically trained in eFAST and take part in mandatory ultrasound refresher training. An independent review of ultrasound images could reduce this potential bias and should be conducted in further investigations.
Decisions about imaging modalities and treatment were made by the treating physician. Because the reasons for these decisions were not explicitly documented, we have not speculated further to avoid misleading conclusions.
Due to the small sample size, type II error cannot be excluded for comparisons between the patients with detected and missed pneumothoraces. To overcome these potential biases, larger prospective multicentre investigations should be performed. Another potential limitation may be that a pneumothorax could develop over time. Although time between eFAST and CT is minimised, the progression or development of a pneumothorax during the time between the eFAST and CT in this investigation cannot be completely excluded.
conclusIon
This study demonstrates that missed pneumothoraces in eFAST are significantly smaller and are in more atypical locations than the detected pneumothoraces. Missed pneumothoraces were less likely to need thoracic drainage. As a missed pneumothorax was not linked with haemodynamical instability in any patient, it may be concluded that the focused two-point eFAST examination in patients with blunt trauma is adequate. However, larger studies are needed.
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